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THE association between cocaine use and acute gastro-
duodenal perforation is known. The effect of cocaine and
stress on gastric mucosal ulceration and the levels of
prostaglandin E2 (PGE2) and leukotriene C4 (LTC4)
was studied in 40 Sprague-Dawley rats. Controls received
intraperitoneal (i.p.) saline, ten received i.p. cocaine (35
mg/kg), ten were stressed by the cold restraint method,
and ten had i.p. cocaine and stress. Cocaine alone did not
induce ulceration, but decreased PGE2 levels. Stress alone
caused ulceration, but was not associated with a change
in either PGE2 or LTC4 levels. When combined with stress,
however, cocaine caused a three-fold increase in ulceration
and a significant increase in PGE2 and LTC4 levels. Stress
may predispose the cocaine addict to loss of gastro-
duodenal mucosal integrity, which is related to an
imbalance of PGE2 and LTC synthesis.
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The illicit use of cocaine continues to be a
significant social problem. It is estimated that 30
million Americans have used cocaine, five million
use it regularly and each day another five thousand
use it for the first time.
1-3 A particularly serious
form of such abuse is the use of a free base form
of cocaine commonly referred to in our inner city
streets as ’crack’. The substance is generally
prepared from cocaine by heating with sodium
bicarbonate and water in glass vials and that, in
turn, makes the substance resistant to destruction
and, therefore, administered effectively by smoking.
Blood levels can be achieved which are similar to
those after intravenous dosing.
4
Cocaine is a very strong stimulant of the central
nervous system. Because of its high addiction
potential, ’crack’ has not only worsened the drug
abuse problem but has also created a number of
potentially lethal complications including stroke,
intestinal ischaemia, diffuse alveolar haemorrhage,
pneumomediastinum, pneumopericardium, pneu-
monia, myocardial infarction as well as muscle and
skin necrosis,s<
A number of investigators have suggested that
gastroduodenal perforations may indeed be another
serious complication of’ crack’ abuse.
12-s The cause
of gastroduodenal ulcer perforation in ’crack’
cocaine users is not known; however, the toxic
effect may be related to its potent vasoconstrictive
action leading to reduced blood flow to the stomach
and duodenum.
16 Stress induced gastric mucosal
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ulcerations appear to be related to a decrease in
mucosal prostaglandin t2 (PGE2), a potent
vasodilator, and an increase in synthesis of
leukotriene C4 (LTC4), a potent vasoconstrictor.
7
Numerous factors have been shown to affect the
gastric mucosal PGE2 and LTC4 levels and, hence,
the incidence of ulcer formation. 8’19 This study was
undertaken to determine whether the effect of
cocaine on the gastric mucosa was mediated by
changes in PGE2 and tWC4 synthesis.
Materials and Methods
Forty male Sprague-Dawley rats weighing
125-150 g were kept in our animal facility at room
temperature in cages with wide wire bottoms to
prevent coprophagia. The animals were maintained
according to the principles given by the Institute of
Laboratory Animal Resources and all protocols
were approved by our institutional review boards.
2
The animals were fed standard rat chow and after
1 week of conditioning, they were allocated into
four equal groups. All animals were deprived of
food 24 h prior to the experiment; however, all
were given water ad libitum. Group I rats (n 10)
had 1 ml of 0.9% saline injected intraperitoneally
(i.p.) and were not subjected to stress. Group II
animals (n 10) were subjected to stress and
received no intraperitoneal injections. Groups III
animals (n 10) received intraperitoneal cocaine at
35 mg/kg but were not subjected to stress. Group
IV rats (n 10), however, received cocaine i.p. and
Mediators of Inflammation. Vol 2.1993 363L.D.G. Angus et al.
were also subjected to stress according to a
modification of the cold restraint model as
described by Brodie and Hanson.
21 The cold
restraint stress method consisted of immobilization
under a tight wire screen cage for 2 h at room
temperature and then at 4C for an additional 2 h.
At the end of the stress period, all animals were
sacrificed by cervical dislocation. The unstressed
animals were kept for 4 h at room temperature prior
to sacrifice. A cocaine dose of 35 mg/kg was
selected because the LDs0 of i.p. cocaine has been
reported at 35 mg/kg.
22 Immediately after sacrifice,
the stomachs were excised and opened along the
lesser curvature. The mucosa was rinsed with iced
normal saline solution and any ulcerations present
were counted using loops of 2.5 magnification.
The gastric mucosa was then stripped, minced and
weighed. Between 125 and 175 mg of tissue as
suspended in 1 ml of 0.1 M NaC1, 4.8 mM KC1,
1.2 mM K2PO4, 5 mM glutathione, 1 mM hemine,
3 mM MgSO4, 5 mM poloxamer 188 and 8.8 mM
HEPES buffer at pH 8.0. After 1 min, the tissue
suspension was centrifuged at 15 000 x g. The
supernatant was decanted and the pellet was
resuspended in 1 ml of the poloxamer buffer for
1 min to allow for the synthesis ofPGE2 and LTC4
from endogenous arachidonic acid. The reaction
was terminated by the addition of 1.5 ml of acetone
at --20C. Prostaglandin E2 and leukotriene C4
were extracted and quantitated by reversed-phase
high pressure liquid chromatography (HPLC).23’24
The rate of synthesis was calculated in units of
#g/g/min. The means and S.E.M. were calculated
and the differences between the groups were
determined by ANOVA with statistical significance
being inferred for a p value <0.05.
Plasma cocaine concentrations: Serum levels of cocaine
were also obtained in order to correlate the peak
plasma concentration with the physiological
changes noted in the gastric mucosa since the
duration of stress was 4 h.
Thirty male Sprague-Dawley rats were ad-
ministered 35 mg of cocaine HC1 in water intraperi-
toneally. Six animals were sacrificed at 10, 30, 60,
120 and 180 min. All samples contained 2.5 mg of
sodium fluoride per ml of plasma to prevent
hydrolysis of cocaine by cholinesterase. Cocaine was
extracted and quantitated by reversed-phase
HPLC.
2s A stock standard of cocaine as the free
base was prepared in methanol at a concentration
of 1 g/1 and stored at -20C until needed, to
produce a standard curve which ranged from 20 to
200 000 mg/ml.
Results
Cold restraint stress induces significant lesions in
the gastric glandular mucosa (Table 1). Mucosal
Table 1. Mucosal injury and synthesis of PGE2 and LTC4
Group Treatment Ulcers PGE2 LTC4
(/g/g) (#g/g)
Saline 0 1.8 +_ 0.1 3.5 +_ 0.2
II Stress 5.2 -t- 1.9" 1.6 _+ 0.1 3.3 _+ 0.1
III Cocaine 0 1.3 + 0.1" 3.3 + 0.1
IV Stress _+ cocaine 16.0 _+ 3.1" 2.7 _+ 0.4* 4.3 _+ 0.5*
p < 0.05 compared to Group I.
erosions were haemorrhagic and varied from 1 cm
to 1 mm in length. Some of the erosions in the
group which had both stress and cocaine were true
ulcers, which have been reported in another study
to occur with stress.
26 After stress alone, the
synthesis of PGE2 and LTC4 levels were not
statistically different from control mucosal levels
(Table 1). The administration of cocaine caused a
30% decrease in the synthesis ofPGE2, no change in
LTC4 synthesis, and no ulceration. However, with
the addition of stress, cocaine caused significant
mucosal injury (Group IV). The synthesis of LTC4
in Group II1 was similar to that of the stress
groups (Group II). When cocaine was given just
before stress, the synthesis of both PGE2 and LTC4
were both increased. The number of lesions were
also increased (p < 0.05) compared to that of the
stressed group (IV vs. II).
Cocaine levels: Ten min after an i.p. injection of
cocaine, plasma levels were 91 20 ng/ml and at
30 min were 96 _--b 24 ng/ml. At 60 and 120 min, the
concentrations were 146 _-4- 37 and 143 _-4- 43 ng/ml,
respectively. By 180min, the levels fell to
79 -b 25 ng/ml.
Discussion
Stress induction of gastric ulceration is probably
related to the action of bioactive peptides,
thyrotropin releasing hormone, vasoactive in-
testinal peptide, and gastrin, on the dorsal vagal
complex in the brain to stimulate cholinergic
pathways and increase gastric acid secretion.2v’28
Although PGE2 synthesis was lower by 13% after
stress, no statistically significant decrease occurred.
In other studies, stress usually causes a 25% decrease
in PGE2 which is related to an inhibition of
neurotensin on the central nervous system and
peripheral adrenergic release.26’29
Cocaine stimulates the central nervous system
and sympathetic pathways by releasing dopamine
and inhibiting serotonin, epinephrine and nor-
ephinephrine uptake at neuronal synapses, resulting
in vasoconstriction. 8 When cocaine was given alone
(Group II) PGE2 synthesis decreased by 34% but
mucosal ulceration did not occur, suggesting that
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vasoconstriction was not sufficient to cause
ischaemia.
When cocaine was injected in stressed rats
(Group IV), significant ulceration occurred. The
synthesis of PGE2 and tWC4 also increased which
is related to the stimulation of both parasympathetic
and sympathetic pathways. The mechanism for this
increase in synthesis may be similar to that
occurring in chronic colitis.3 Stress-induced injury
to the gastric mucosa appears to predispose cocaine
stimulation of LWC4 synthesis and that manifests
itself as an exacerbation of ulceration on the gastric
mucosa. The vasoconstriction caused by stress,
namely the ’Flight or Fight’ response, coupled by
the powerful vasoconstrictive effect of LTC4
appears to be enough to create a worsening of
gastric ulcerations in the rat model. It is conceivable
that the chronic use of cocaine in humans will
produce gastric ulcerations and perforations in a
mechanism mediated by the delicate balance
between PGE2 and LTC4.
Cocaine was administered as the hydrochloride
salt, because it is water soluble and appears to
maintain nearly constant plasma concentrations for
3 h, when administered by intraperitoneal injection.
The deleterious effects on the central nervous
system require penetration of the blood-brain
barrier by cocaine, which depends on plasma levels.
Since the development of gastroduodenal lesions by
stress requires approximately 4 h to develop, the
time used to observe erosions induced by cocaine
may have not been adequate in this study. The time,
however, was sufficient to cause significant
biochemical changes in the mucosa when cocaine
was combined with stress. Although cocaine has
been shown to protect against experimental gastric
stress ulceration in rats, this study demonstrates that
this effect is dose dependent.
31 The cytoprotective
effect of cocaine seen at low dose seems to be lost
when cocaine is administered at high doses.
In conclusion, when the integrity of the gastric
mucosa is already compromised, the administration
of a large dose of cocaine exacerbates mucosal
injury leading to extensive ulceration via a
mechanism of vasoconstriction and ischaemia
probably mediated by an excessive production of
LTC4. Cocaine is a powerful sympathetic stimulant.
Although the mechanism of ulceration appears to
be intricately related to the delicate balance between
PGE2 and LTC4, the effect of the drug on
gastrointestinal blood flow in relation to ulcer
disease needs to be investigated further as that
may be the initial factor that triggers the imbalance
between PGE2 and LTC4 leading to gastric mucosal
ulcerations and eventually perforation.
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